In 1937 Lennard-Jones and Devonshire' (hereafter denoted as L-J & D) proposed the so-called cell theory on a quantitative basis by introducing certain assumptions. The main idea of the assumptions is that an atom in a dense gas is to be regarded as confined for most of its time to a cell whose volume is V/N, where V is the molar volume of the gas and N is the number of atoms, and that its average environment is something like that of an atom in a liquid or a crystal. This picture can only be accepted as a rough first approximation, for it neglects the possibility of the migration or diffusion of atoms from one cell to another. This restriction of ignoring interchange of molecules between cells introduces an error in the entropy of the system, which is usually corrected by arbitrarily adding what is known as the communal entropy factor, eN. The cell theory has been investigated by several authors2-'0 by introducing holes in the lattice. This procedure eliminated the necessity of introducing the factor eN. However, none of these procedures shows much improvement over the original cell theory in calculating the compressibility factors, vapor pressures, and various thermodynamic properties, even though theoretically they are an improvement.
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In this paper, we introduce Eyring's idea of the "degeneracy factor"'' 12 into the free volume term in Ono's hole theory based on the earlier L-J & D procedures. In this way, we obtain a new partition function using the Bragg-William approximation and apply it to the equation of state and the thermodynamic properties of rigid sphere molecules. The results obtained are astonishingly good compared to the previous hole theories and to the L-J & D theory. Furthermore, it is shown that the significant liquid structure theory can be related to the L-J & D theory.
Theory.-The cell theory of I-J & D is derived from the classical partition function, ZN (4) where yi is the fraction of nearest neighbor sites of the ith molecule which are occupied, and z is the maximum number of the nearest neighbors. Then, 4'(rN) in equation (3) is written as follows:
The first term on the right is the potential energy due to the molecules at the cell origin, and the second term is the potential energy due to the molecules being located away from the cell origin. According to Lennard-Jones, the energy of interaction of two molecules at a separation of r is given by :' 14 
Here a and e are the distance and energy characteristic of the system, and the second equality in f(a) is true only for a hexagonally packed lattice; i.e., q = as/<v2 where q is the cell size. We should note here that in +(a) the nonnearest neighbor interaction has also been taken into account. Hence, using equation (5) 
The factor gi in equation (14) is the Eyring degeneracy factor, and has been introduced by the authors for the following reason: it is natural to suppose that, of the possible positions available to a molecule on the average, some one is energetically favored over the others by the way the neighbors are organized around a molecule; this difference in energy between the best position and the neighboring available positions should be proportional to the interaction potential energy, zo(a)/2 and inversely proportional to the number of holes, nh = z(1 -y,); thus, it should have the value a'4(a)/2(1 -y), where a' is a proportionality constant fixed at the melting point. Then the degeneracy due to the holes around a molecule is written as: (15) where the unity in the first term on the right of equation (15) indicates the best available position.
By substituting equation (14) into (8) 
The partition function of the hole theory is thus written as: (18) or, by using Sterling's approximation,
In the following, we obtain the equation of state and the entropy for the rigid sphere model using equation (19) .
Calculations. 
where z has been taken as 12. The Helmholtz free energy of a system A is related to ZN by A = -kT In ZN. It is interesting to note that all virial coefficients in equation (25) In Figure 1 , it is shown that for the compressibility factor the present theory agrees better with the machine calculation by Alder and Wainwright'8 than the cell theory. It has also been found, that our virial coefficients agree with those in equation (26) even better than those in the Percus-Yevick pressure equation.2
The entropy is obtained as follows:
(28) SE, the excess entropy at constant pressure over that of an ideal gas, is given as SE = S + Nk In P-S*(T) (29) where S*(T) = lim (S + Nk ln P). Hence, SE is given by: 
Equations (35) and (36) are nearly identical with (31), the partition function for the significant liquid structure theory. Summary.-Eyring's idea of the so-called degeneracy factor in the significant liquid structure theory is introduced into the classical hole theories derived from Lennard-Jones and Devonshire's cell theory. The partition function thus obtained is applied to liquids and gases of rigid sphere molecules. The virial coefficients in our equation of state are very close to those obtained by the molecular dynamics method,"8 while none of the earlier classical quasi-lattice theories predict good virial coefficients. Our theory is also used to obtain the entropies and compressibility factors of rigid sphere molecules in close agreement with the results of the machine calculations. We further show that the partition function from the improved hole theory is nearly equal to that from the significant liquid structure theory in the regions of low and high densities. These facts indicate that the classical hole theories require a degeneracy factor of the sort introduced.
